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INTRODUCTION

54
Organic matter is a large and important fraction of atmospheric fine particles and is composed of 55 hundreds of organic compounds (Wu et al., 2018) . It can influence visibility degradation (Facchini et al., 56 graphics method of the GC Image v2.5 (Zoex Corporation, Houston, US), and the detailed descriptions 150 are given elsewhere (Alam et al., 2018) . Briefly, the structurally similar compounds (similar physico- Field and laboratory blanks were routinely analysed to evaluate analytical bias and precision. Blank 9.40 % of OM. The concentrations of identified individual organic compounds are summarized in Table   199 S2, and the percentage of each group in the total identified organic compounds is in Figure 1 . The n-200 alkanes (16%) make the greatest contribution to the total mass of identified organic compounds, followed 201 by levoglucosan (13%), branched-alkanes (13%), PAHs (10%), n-alkenes (7%) and alkyl-benzenes (7%).
202
These six groups account for 66% of total identified organic compounds by mass. In a study in Nanjing, 203 Haque et al. (2018) reported the most abundant classes of organic compounds to be n-alkanes, fatty acids,
204
PAHs, anydro-sugars, fatty alcohols and phthalate esters. 
The Characteristics of Organic Compound Groups on Non-haze and Haze Days
207
The average total concentration of identified groups was calculated for the non-haze (13 days) and haze Table S3 . The concentrations of most organic compound groups on the haze days were higher than non-211 haze days, especially for the n-alkanols and n-Cn-cyclohexanes. The alkyl-benzenes, alkyl- can be performed. In the sections that follow, the literature on the origin of each of these compound 220 classes is reviewed briefly and the measured compound concentrations are described. 
3.3.1
Short chain fatty acids, n-alkanoic acids, fatty alcohols (n-alkanols) and alkanones
223
The primary anthropogenic sources of saturated n-fatty acids include the combustion of fossil fuels, wood 224 and organic detritus. The homologues < C20 are thought to be derived from meat cooking (Rogge et al., 225 1991), fossil fuel combustion (Simoneit, 1985) and microbial sources, while the homologues > C22 are 226 from vascular plant waxes (Simoneit and Mazurek, 1982) . Carbon preference index (CPI), defined as the 227 ratio of total odd carbon number to even carbon number compounds, has been widely used to evaluate 228 the relative contribution of biogenic organics and anthropogenic emissions (Bray and Evans, 1961) .
229 Simoneit et al. (1991) reported that the n-alkanoic acids ranged from C12-C34 at a ground-level site in the 230 suburbs of Beijing, with a total concentration 40-11,000 ng m -3 (CPI=7.3), and believed these compounds 231 were derived mainly from natural sources (Table 1 ). In addition, these compounds were identified in the average contribution of COA to OA increased to 36% during the non-haze periods, and even went up to 240 50% at dinner time. The n-alkanoic acids with carbon numbers from C6 to C10 were identified in the 241 PM2.5 at lower individual concentrations, and these data have a similar magnitude to a previous study
242
( Zhou et al., 2009) (Table 1) . Consistent results for acids were observed in this study, and the ∑ n-243 alkanoic acids had a higher concentration on the non-haze days with an average concentration of 36.4 ng 244 m -3 , which is higher than 24.6 ng m -3 on haze days. Higher molecular weight alkanoic acids are unlikely 245 to be volatile under the conditions of the chromatography. Heraklion (Island of Crete, Greece; C10-C32, CPI=6.6-11.9) (Stephanou and Stratigakis, 1993), Greece
252
(C10-C35, CPI=6.8-32.5) (Pio et al., 2001) and CARBOSOL sites (C22-C34, CPI=3.1-32) (Oliveira et al., 253 2007), the typical distributions of n-alkanols with a high CPI reflect a prevailing biogenic origin. In 254 contrast to the higher molecular weight compounds, the homologues < C20 appear to be derived from an 3), and believed these compounds were mainly derived from plant ( > C20) wax and 260 microbial sources ( < C20) (Simoneit et al., 1991) (Table 1 ). In addition, vehicular emissions are 261 considered as another important source of atmospheric low molecular weight n-alkanols in Beijing.
262
Reanalysis of samples from our previous diesel engine studies (Alam et al., 2016b ) identified 1- detail elsewhere (Alam et al., 2016b) . In the present study, 1-alkanols with even-carbon numbers from
266
C12 to C20 were identified in the PM2.5, which is quite similar to the engine exhaust samples. 1994; Rogge et al., 1993b; Schauer et al., 1996; Zhang et al., 2002) . Two important sources of N-
276
containing compounds are biomass burning and atmospheric photochemical reactions. Fan et al. (2018) 277 found that N-containing compounds were abundant as primary humic-like substances in fine smoke 278 particles emitted from the combustion of biomass materials (including rice straw, corn straw, and pine 279 branches) and coal. In the present study, N-containing compounds were identified in the samples, benzeneamine) have similar total concentrations on non-haze (2.09 ng m -3 ) and haze days (3.23 ng m -3 ),
295
( Table 1) . Quinolines are known to occur in crude oils and shale oil (Schmitter et al., 1983; Simoneit et 296 al., 1971) , and were identified in vehicular exhaust (Rogge et al., 1993a) . The study found that the non- pyrolysis (Chiavari and Galletti, 1992; Hendricker and Voorhees, 1998; Kögel-Knabner, 1997 The distribution of PAHs is shown in Figure 3 ; the most abundant PAHs were BbF, followed by CHR, originates from the combustion of conifer wood (Simoneit et al., 1991) . photo-oxidation of PAH (Shakya and Griffin, 2010) . In urban samples, polycyclic aromatic ketones (Simoneit, 1985) .
371
Levoglucosan and methoxyphenols from pyrolysis of cellulose and lignin are usually used as unique 372 tracers for biomass burning in source apportionment models (Schauer and Cass, 2000) . Levoglucosan
373
(1,6-anhydro--D-glucopyranose) has been for a long time employed as the specific molecular marker
374
for long-range transport of biomass burning aerosol, based on its high emission factors and assumed 375 chemical stability (Fraser and Lakshmanan, 2000; Simoneit et al., 2000) . It is a highly abundant 376 compound and the concentrations in winter in Beijing have a significant fluctuation ( tracers for wood smoke, and many of them are emitted in relatively high quantities and are specific to 391 wood combustion sources (Simoneit, 2002b; Simoneit et al., 2004) . Another important source of phenolic 392 compounds is oxidation of monoaromatic and PAHs (Pan and Wang, 2014) . Phenols and naphthalenol
393
were identified in the PM2.5, with the average ∑ phenolic compounds 21.6 ± 17.0 ng m -3 , with 14.0 ± 394 13.2 ng m -3 and 25.9 ± 17.9 ng m -3 on the non-haze and haze days, respectively. However, it is notable 395 that the concentrations of naphthalenol identified in the present study were far lower than that of previous 396 studies (Table 1) .
398
Pristane (Pr) and phytane (Ph) are present in the exhaust of petrol and diesel engines and in lubricating 399 oil, indicating an origin from petroleum (Simoneit, 1984 which is indicated by a Pr/Ph ratio far higher than 1.0 (Oliveira et al., 2007) , while values close to 1 405 indicate a petrochemical source (Oliveira et al., 2007; Andreou and Rapsomanikis, 2009 (Simoneit et al., 1991) . The high Pr/Ph indicated that the hydrocarbons in urban aerosol 409 derive mainly from petroleum residues probably deriving from vehicular emissions in Beijing. organic compounds in the range of C19-C28 on the haze days in contrast to the non-haze days. However, 421 minor differences were observed in two periods for these compounds with lower carbon numbers (< C19),
422
and showing a higher concentration than n-alkanes during the sampling campaigns. In addition, the ratios 
The Estimation of Unidentified Compounds
454
The estimation method for unidentified compounds is detailed in the Supporting Information. Briefly, 455 the chromatography image was separated into seven parts according to the main chemical and physical
456
properties of the organic compounds and the distribution of internal standards (IS), and the detailed 457 protocol is shown in Table S4 . The diagram of the separated image with seven parts is shown in Figure   458 6a, and the concentrations measured in each part are shown in Figure 6b and Table S5 . For the non-haze for 66% of total identified organic compound mass included n-alkanes, levoglucosan, branched-alkanes,
514
PAHs, n-alkenes and alkyl-benzenes, and these were significantly impacted by primary emission sources.
515
In addition, the average total polycyclic aromatic compounds (the sum of ∑ PAHs, ∑ O-PAHs, 
FIGURE LEGENDS:
877 878
Figure 1: The percentages of the organic compound groups in the total identified organic compounds. including n-alkanes, branched alkanes, n-alkenes, carbonyl compounds (n-alkanals, n-alkan-888 2-ones, n-alkan-3-ones), n-alkanoic acid and alkanols on haze and non-haze days.
890
Figure 5: The molecular distributions of n-Cn-cyclohexane, alkyl-bicyclic-alkanes, alkyl-benzenes, n-
891
Cn-benzenes, alkyl-furanones and alkyl-pyridines on haze and non-haze days. n-alkanes, branched alkanes, n-alkenes, carbonyl compounds (n-alkanals, n-alkan-2-ones, n-alkan-3-937 ones), n-alkanoic acid and alkanols on haze and non-haze days.
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